The excretion of the most important 17-oxosteroids, the pregnanes and testosterone was studied by gas-liquid-chromatography. Twenty-four-hour urine specimens were collected from 350 healthy persons of both sexes, ranging in the age from four to twenty years. The values are ordered according to the bone age of the children. During the entire process of maturation we find a continuous increase of the steroids measured, the greatest increase commencing after the tenth year of age, starting somewhat earlier in girls than in boys. Correlations between the amounts excreted invite us to discuss the probability that this relationship is related to enzyme maturation.
Introduction
When we commenced the examination of steroid hormones in the urine of sick children by gas-liquidchromatography, we needed normal values as a base for the judgement of steroid patterns. The investigation of CAWLEY and associates (1) , reports the excretion of hormones of twenty normal adults measured by gas-liquidchromatography. TANNER and GUPTA (2) report a longitudinal study in children. TELLER (3) observed the steroid pattern of boys and girls by paper chromatography. There were also the investigations of BLUNCK (4), VESTERGARD (5) and PAULSEN (6) who measured some of the steroid hormones estimated by us with different methods. These values lie within the range determined by our investigation, but the number of healthy persons investigated is too small for the establishment of real normal values.
The steroid hormones 2 ) in the urines of more than 350 boys and girls have been measured. We can be certain that our values demonstrate actual mean values and approximate to the correct range. We did not estimate a ) The experiments are done these. Sjft-Androstane^-Saol-ll, 17dione 5a-Androstane-3«, 11/ftdiol-l 7one 5/ff-Androstane-3a, ll/?diol-17one ZI4-Androstene-17-/fol 3one -5/ff-Pregnane-3a, 20diol 50-Pregnane-3a, 17«, 20triol 5/?-Pregnane-3a, 17oc, 20triol-llone the standard deviation because we believe that in the case of living material the calculation of a standard deviation would falsify the results. A standard deviation is quite right in the case of a range given by a method but not N when the range is caused by real differences in the excretion of healthy persons.
Material and Methods
Selection of children Many factors such as hereditary and psychical ones as well as food and environment influence the development of a child. So we think, that it is necessary to choose healthy children with normal height and weight and also normal skeletal development and that clinic patients are less suitable for such an investigation. Seven boarding schools helped us in collecting the urines of boys and girls. From each person we estimated height and weight and also the skeletal age according to the atlas of GREULICH and PYLE (7) by a radiographic study of hand and wrist. Children whose somatic growth did not correspond with the normal range were eliminated. We grouped children according to the skeletal age as the best indicator for somatic growth.
Collection of urine From each child we collected one or two 24-h-urines. Each portion of urine was immediately preserved with a bactericide as we found that the hormones are destroyed by bacteria even during the collection. The preservative consists of· a mixture of 3 N sodium acetate buffer pH 4, chloroform and boric acid. During our last investigation (unpublished) the use of this mixture proved better than that of sodium acetate buffer with chloroform as described by us (8) or the use of boric acid alone. When the collection was finished the analysis was immediately carried out with one part of the urine, while the rest was deep frozen and used for a repeat analysis if the results were not clear.
Preparation of the urine and gas-liquid-chromatography of the steroids For this procedure only the most important steps will be mentioned. Hydrolysis of the conjugates and extraction of urine: Only a part of the steroids are excreted unconjugated and since most of them Z. klin. Chem..u. klin. Biochem. / 8. Jahrg. 1970 / Heft 4 are conjugated with glucuronic or sulfuric acid, they must be liberated. The urine is adjusted to pH 6, a few dtops of chloroform and 10,000 Fishman units of jS-glucuronidase (EC 3.2.1.31) are added, and the urine is incubated for 24 h at 38°. After triple extraction with ether, the urine is brought to pH 1 with 6 N H 2 SO 4 and extracted continuously with ether at room temperature for 48 h. The ether extracts are washed twice with 2 N NsLjCCâ nd 3 times with water. Then the extracts are combined and evaporated to dryness. Column chromatograpby: The dried extract is now purified by column chromatography. In addition to the purification, the 11-deoxy-17-oxosteroids and testosterone are separated from the 11-hydroxy-17-oxosteroids and the pregnanes. A glass column with 9 mm diameter is filled with benzene and 4 mg neutral aluminium oxide, activity grade III. The urine extract is disolved in benzene and introduced into the column. The steroids are eluted by benzene with increasing portions of ethanol. Two fractions are collected. The first contains: androsterone, etiocholanolonc, dehydroepiandrosterone and testosterone. The second contains: 11-oxo-androsterone, 11-oxo-etiocholanolone, ll-/?-hydroxy-androsterone, 11-jS-hydroxy-etiocholanolone, pregnanediol, pregnanetriol and pregnanetriolone, the latter being significant for 21-hydroxylase-deficiency. Formation of derivatives'. For gas-liquid-chromatography we need derivates which are not destroyed by temperatures in the range of 260° and which give good separation on the columns used. We use the trimethylsilylethers (9). For routine analysis we vise a mixture of hexamethyldisilazane and trirnethylchlorosilane as silylating agent, for the estimation of very small amounts the highly active reagent bistrimethylsilylacetamide (10,11) is used. The internal standard is added to the two fractions, which are then dried. 0.5 m/ hexamethyldisilazane and 3 drops of trirnethylchlorosilane are added and the mixture is incubated for one hour at 65°. Thereafter the reaction mixture is dried in a dry stream of nitrogen.
Gas-Iiquid-chromatograpby:
We use a fraktometer F 20 Perkin Elmer with a 2 meter glass column. For some special analyses we also use steel columns (12). The solid support is gaschrom-P coated with 3% XE 60, column temperature 220°, flame ionization detector and injector at 260°, nitrogen at 50m//min. is used as carrier. The dried residue of the trimethylsilylether is dissolved in 0.2 m/ of CC1 4 and 1 to 5 μ/ are injectecL The calculation of the steroids is performed by measuring peak height and width at half the height. In this way we obtain the peak area. The peak area of the unknown steroid is compared with that of the internal standard and using a calibration curve established for all steroids, the amount is calculated. Accuracyfin another investigation (13) we discuss the problem of the accuracy of our own method. Only the most important facts will be reviewed. a) For each steroid to be determined, known samples were added to urines in increasing amounts and a calibration curve was established. Each chromatograrrim was evaluated following this calibration curve. In this manner fosses are excluded. b) CURTIUS and associates (14) showed that the hydrolysis and extraction method described in this investigation gives the best results and they observed no destruction of the steroids. c) Some of .the urines were measured twice and the greatest differences between the two analyses were less than 10% if the amounts were greater than 50 ^g/24-h-urine. The range was greater with smaller amounts. In routine analyses values under 10 ^g can only be estimated within a range of 50%. · Summarizing, we can establish that the losses caused by bacterial destruction during the collection of the urines are prevented by a preservative and the losses in the extraction and the column chromatography are eliminated by a calibration curve.
Results
The following are the results obtained from different urines of a six and a half year old boy (table 1) whose skeletal age was four and a half. Several 24-hour-urine specimens were collected. In the first portion high values of 11-oxo-etiocholanolone and of 11-^-hydroxy-etiocholanolone and relatively large amounts of testosterone were found, but there was no detectable 11--hydroxyandrosterone or dehydroepiandrosterone. The hormone excretion pattern half a year later was quite different. The time lapse could eventually be responsible for this change. However, the same fact does not explain the differences between the second and the third samples or urines that were collected in an interval of only two days. Also these differences do not seem to have been due to an error in method as each determination was made in duplicate and the greatest differences between two analyses of the same sample were less than 20%. We can certify that we found not only a circadian rhythm of the steroid secretion of the target glands but also great differences in the quantity of urinary hormone excretion measured in individual subjects on different occasions. The results obtained from a large number of persons, are given in table 2 and 3. For each age the number of children is given in whom hormone excretion was measured together with the mean values and the highest and lowest of the values found for every age group. Table 2 demonstrates the results obtained from boys according to skeletal age, and table 3 shows the hormone pattern of the girls arranged according to skeletal age. Results obtained from boys, then those of the girls are discussed and finally the two groups are compared.
Results obtained from boys
From the fifth to the tenth year of age we found a slow increase in the excretion of androsterone and etiocholanolone, the excretion of androsterone is higher than that of etiocholanolone. In the next years we found a high increase in the excretion of both steroids, the increase of etiocholanolone being higher than that of androsterone. With increasing age the excretion of etiocholanolone reaches that of androsterone and surmounts it.
Comparing mean values obtained from boys older than 16 years with those found for adults (1) we found that the hormone excretion increases, rising up to the age of 20 and some years later. Dehydroepiandrosterone shows In the urines of prepuberal boys we could find only a slight increase in dehydroepiandrosterone excretion, from 25 μ § at the age of 5 years to 65 μ% at 10 years of age. At the age of 13 we found a slight maximum of 120 μ% followed by a small decrease at fourteen to 100 ^g and an increase in the following years to 580 μ § at the age of 16. In the age from five to ten years we did not find any value higher than 20 μξ for testosterone. In the following years there commences a slight increase of the mean values ( figure 1) . The mean values found by us.correspond well with the investigation of KNORR (15). Whereas the increase in the mean value is slight, it is interesting that we found relatively high values for one or two boys at the age of eleven and twelve years whereas the absolute highest single value was found for boys in the age of 13 and 14. In the years of 14 and 15 we found the highest increase in the mean value. At the age of fifteen the testosterone excretion approaches that found for adults being about 80 /Jg/d. The ll-hydroxy-17-oxosteroids also show an increase in the age from five to sixteen, but the increase is less than (table 5) . We found the highest increase in the age from 14 to 16. The increase of the pregnanes is parallel to that of the androgens, the amount being less. This is demonstrated by the relation of the amount of the pregnanes compared to the sum of andr oster one and etiocholanolone (table 5) .
Results obtained from girls and comparison of the hormone excretion of boys with that of girls
The results received from the urines of girls are nearly the same as those received for boys but the rise commences at an earlier age and values for testosterone did not exceed 25 μζ/ά. We found a daily urinary excretion of 70 μ% for androsterone and 30 μξ for etiocholanolone at the age of five years. The excretion rises slightly until the age of eight, then there is a rapid increase, reaching values of about 1000 μξ daily at the age of 14 years. When we compare the results obtained from boys with those of girls we see that the excretion in the prepuberal period is less among girls than among boys. At the age of 9 the excretion of ll-deoxy-17-oxosteroids in girls surmounts that of boys, but at the age of 11 the androgen synthesis in boys strats to increase, and between the 14th and 15th years of age the excretion of ll-deoxy-17-oxosteroids of boys surmounts that of the girls (figure 2). For dehydroepiandrosterone we found lower values for girls than for boys during all periods of somatic growth and body maturation, whereas the excretion of the ll-hydroxy-17-oxosteroids is nearly the same for boys and girls. On the other hand the urinary excretion of the pregnanes is higher in girls than in boys till to the age of 15 (figure 3). We could not find pregnanetriolone in any urine, this steroid being excreted only in cases of 21-hydroxylase deficiency.
The following results were obtained from persons without clinical signs of endocrine disease but with a hormone excretion pattern which was so different from that of the other children of the same age that it was necessary to exclude these values from the determination of the mean value and the range (table 4). K. W.: This was a small 8 year old boy, skeletal age 4 years 6 months. The urinary excretion of ll-deoxy-17-oxosteroids as well as that of the pregnanes was elevated. This boy showed a normal stature, the skeletal age was 11 years and 3 months, the same as the chronological age. We collected the first 24-h-urine specimen at age 11 3 / 12 years. In this urine we found a normal level of pregnanes and ll-hydroxy-17-oxosteroids but a high excretion of androgens. Testosterone was excreted in an amount of 50 μξ/ά. Half a year later we examined the urinary steroid pattern for a second time. At this time skeletal age still corresponded to chronological age. Testes development was at the second stage according to the tables of TANNER (16). However, at this time we found a large increase for all steroids in comparison with the first hormone level examined. The value of testosterone, 320 ^g/d was the highest we had ever found. In order to assure that this result was not feigned by another substance gas-liquid-chromatography was combined with thin layer chromatography (12, 17) and the same value was obtained. V. R.: This boy aged 12 6 / 12 years, skeletal age the same as chronological age, also showed an interesting hormone pattern. We found very high values for dehydroepiandrosterone and testosterone whereas the other steroids were excreted in normal amounts. W. R.: Contrary to the hormone pattern described above, this 13
x / 2 year old boy had a low excretion of all steroids except testosterone which reaches one of the highest values we ever found. F. E.: A 13 year old girl, skeletal age 11 years 10 months. The values found for all steroids were high and the results obtained from androsterone and etiocholanolone were among the highest we ever estimated, whereas the value for testosterone was under 20 ^g, pregnanetriolone was found to be absent. St. Ch.: For this 14 U / 12 year old girl, with a slightly retarded skeletal age of 14 years, we found very low values overall. Until now, we have not been able to explain the cause of these unusual hormone patterns and have not been able to get second urines from the same children. We show you these results demonstrating great differences as an argument for our opinion that the analysis of one urine is not enough to judge the hormone excretion of one individual.
Discussion
At first we must consider whether the values given by us were real normal values. We must pay attention to two points: Accuracy of the method. We think that the accuracy of our method with ± 10% is exact enough for routine analyses. All values were corrected using a calibration curve which also eliminated systematic losses. Selection of the children. For our investigation we collected the urines from boys and girls of 7 different boarding schools. A continuous increase of the mean values with advancing years of age could be observed. The only substance to show a maximum was dehydroepiandrosterone, with a slight peak at thirteen years. This maximum is based on a great number of persons and seems to be real. Comparing our results with those obtained by the other authors cited before (2-6) all these values lie in the range given by us, but the mean, if given, differs from ours, this is due to the small population sample in which the other investigators examined hormone patterns. The large number of children in whom we estimated the daily urinary steroid excretion leads us to think that the values obtained are real normal values.
The following relationships were found:
1. The mean value for androsterone divided by the mean value 'for etiocholanolone ( fig. 4 ): For the young boys ( fig. 4a ) as well as for the young girls ( fig. 4b) we found a higher excretion of androsterone than of etiocholanolone. During body maturation the increase in the excretion is higher for etiocholanolone than for androsterone and we found a higher excretion of etiocholanolone than that of androsterone in the urinary hormone pattern of adults. However, it is very interesting that this factor changes only once for boys, whereas for girls this relation varies very often. One must wonder that this correlation of 5-c-Η to 5-/J-H was not observed for the ll-hydroxy-17-oxo-steroids.
2. Lastly some other relations should be discussed. When we at first evaluated our results obtained from five boys 
Fig. 4b
The relationship between androsterone (white bars = 100) and etiocholanolone (black bars) in girls. Solid line: excretion of etiocholanolone of each age, we found a maximum in the excretion of pregnanetriol at the age of 8 years, then one of dehydroepiandrosterone at the age of 12 years and two years later the highest excretion of testosterone. Estimating a greater number of urines the mean value is calculated by summarising the values of persons with high, medium and low steroid excretions. We think that the relation between the different steroids is significant for the present state of development rather than the absolute amount of one steroid alone. So we compared the relations between ll-deoxy-17-oxosteroids and pregnanes, pregnanes and dehydroepiandrosterone, dehydroepiandrosterone and testosterone ( fig. 5 a-5c ).
The results we obtained are given in We found two changes for the relations between pregnanes and dehydroepiandrosterone in the course of body maturation. Commencing with the tenth year of age the excretion of dehydroepiandrosterone increases more than that of the pregnanes and at the age of eleven we found the highest excretion of dehydroepiandrosterone in correlation with that of the pregnanes. In the following years the excretion of dehydroepiandrosterone is diminished in correlation to that of the pregnanes, whereas the absolute amount of dehydroepiandrosterone (given by the line in the diagram of figure 5 b) increases. The correlation between dehydroepiandrosterone and testosterone changes at the age of 14 and 15, where we found the highest increase in the testosterone excretion.
At an age of 15 we found a mean value for testosterone corresponding with that of the adults. The mean value of testosterone is given by the line in the diagram of figure 5c.
Comparing these results, it is possible that the changes we observed were caused by a "maturation" of enzymes.
In our investigation we cannot estimate the absolute amount of one enzyme but we think that the changes in the hormone pattern are caused by changes in the pattern of the enzymes responsible for the production of the steroids. Analysing, only one urine however, we cannot distinguish between steroids produced by the adrenals and those formed in the gonads, nevertheless we think that the greatest amount of the ll-hydroxy-17-oxosteroids, of pregnanes and also of androsterone, etiocholanolone and dehydroepiandrosterone was produced by the adrenals, unlike testosterone which is mostly formed by the testes. Considering the results discussed above, we conclude that under ten years, the total enzyme activity responsible for the formation of progesterone and 17-a-hydroxyprogesterone is relatively higher than the 17-desmolase, while after ten years the 17-desmolase is more active. Therefore we find the highest increase in the excretion of dehydiroepiandrosterone up to the age of 11, when the activity of the testes and the enzymes responsible for the origin of testosterone increase. We found the highest testosterone excretion at the age of 15.
